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(57) Abstract 

The invention relates to a method of electrochemically etching a p-type semiconductor material, characterized by the following steps: 
a) the application of mask material on a substrate of the p-type semiconductor material; b) the local removal of the mask material; and 
c) placing the substrate with the mask into a corrosive electrolytic solution while simultaneously applying a current density through the 
substrate; wherein the current density during step c) is adjusted alternatingly to a high value causing the semiconductor material to be 
completely etched away, and a low value corroding the semiconductor material such as to become porous. 
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Method for electrochemically etching a p-type semi- 
conducting material and a substrate of at least partly 
porous semiconducting material 

The invention relates to a method of electrochemi- 
cally etching a p-type semiconductor material. 

Such a method is disclosed in the article "Porous 
Silicon: Microstructure, Optical Properties and Applica- 
5 tion to Light Emitting Diodes" by Y. Kanemitsu, T. 

Matsumoto, T. Futagi and H. Mimura, published in "Porous 
Silicon", World Scientific Singapore (1994), pages 363- 
367. This publication describes the fabrication of free- 
standing porous silicon in an electrochemical cell. To 

10 this end a p-type silicon substrate is exposed to a poten- 
tial difference which is applied to the substrate, while 
the substrate is introduced into a solution of hydrogen 
fluoride (HF) . During etching, a constant current density 
is applied for a predetermined period of time, after which 

15 the current density is abruptly increased to etch off the 
porous silicon from the substrate. The porous silicon is 
subsequently rinsed. 

In accordance with the invention a method is now 
proposed for electrochemically etching a p-type seraicon- 

20 ductor material, comprising the following steps: 

a) the application of mask material on a substrate 
of the p-type semiconductor material; 

b) the local removal of the mask material; and 

c) placing the substrate with the mask into a cor- 
25 rosive electrolytic solution while simultaneously applying 

a current density through the substrate, the current den- 
sity during step c being adjusted alternatingly to a high 
value causing the semiconductor material to be completely 
etched away, and a low value corroding the semiconductor 
30 material such as to become porous. 

In this manner a totally new product is provided 
which is equipped with specific microstructures, as will 
be explained below. 
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The invention is therefore also embodied in a 
substrate of at least partly porous semiconductor material 
coated with mask material. According to the invention the 
mask material is characterized in that on the substrate 
5 side, the mask material has at least a structure of porous 
semiconductor material defining a channel that is free of 
semiconductor material. Such a substrate can be fabricated 
by the method according to the invention. 

As already mentioned, a substrate of this kind is 

10 completely novel. There are various useful prospective 
applications for such a substrate because the channel is 
at least partly defined by the porous semiconductor 
material. Such a substrate may be used, for instance, as a 
tubular sieve, as jz-battery, as carrier material for a 

15 catalyst, as ion exchanger, as dosing system, but other 
applications are also conceivable. The above description 
must therefore be understood as enumeration and not as 
limitation. 

The method according to the invention may be real- 
20 ized satisfactorily by an embodiment in which the high 

current density value is above a critical current density 
value, and the low value is below the critical current 
density value, wherein - at least in the case of silicon - 
the critical current density value is determined at 
25 approximately half the height of the first peak in the 
current voltage curve of the substrate when the same is 
placed in the electrolytic solution. For semiconductors 
other than silicon, this may be performed in a similar 
manner . 

30 It has been proven to be useful to determine the 

critical current density value depending on the concentra- 
tion in the electrolytic solution, such that at a higher 
concentration a higher critical current density value is 
chosen. 

35 Conceivably the method in step c commences by etch- 

ing away the substrate by applying a high current density 
value followed by the alternating application of a low 
current density value and then a high current density 
value. However, preferably the current density is first 



WO 99/45583 PCT/NL99/0011 1 

3 

set at the low value and after a predetermined first 
period of time is set at the high value which is main- 
tained for a predetermined period of time, after which 
etching is discontinued. In this way the porous wall of 
the channel to be realized is applied directly to the mask 
material, which provides a more stable structure. If com- 
plete etching of the substrate is commenced in step c, it 
is also possible to use another technique such as plasma 
etching or KOH etching instead of the above -described 
method of electrochemical etching at high current density. 

In a further aspect of the invention it is desir- 
able to set the low current density to a value that 
depends on the desired pore size, such that for a large 
pore, the low current density value is adjusted to a high 
setting. 

According to an interesting embodiment, the current 
density is first set at the high value, and after a prede- 
termined first period of time it is set at a low value 
which is maintained for a predetermined second period of 
time, after which the current density is set at the high 
value and after a predetermined third period of time, 
etching is discontinued. 

This method allows a porous structure to be formed 
at some distance removed from the original substrate sur- 
face. 

The invention also relates to a method which is 
characterized in that preceding step a) 

i) a groove structure is made into the substrate; 

ii) the groove structure is filled with a material 
which under the conditions described in step c) is sub- 
stantially unaffected and which, in comparison with the 
substrate material, conducts current poorly or not at all; 
and 

iii) the substrate is coated with as mask material 
in step a) a material that under the conditions described 
in step c) is substantially unaffected and which, in com- 
parison with the substrate material, conducts current 
poorly or not at all. 
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Such a method allows the fabrication of smooth 
structures. In addition, such structures are connected 
with a material located in the interior of the substrate 
body, rendering the structures less fragile. The groove 
5 structure may conveniently be a groove structure extending 
all round, defining a substrate column. 

The invention also relates to a substrate with a 
substantially partly porous semiconductor material that 
can be fabricated by the method described above. Said 
10 substrate is characterized in that the substrate has at 
least one structure of porous semiconductor material com- 
prising two substantially planar-parallel surfaces and 
which over its circumference is defined by and connected 
with a wall formed from wall material whose composition 
15 differs from that of the porous semiconductor material, 
with the planar-parallel surfaces being over at least a 
portion of their surface free from substrate and from the 
wall material. 

In general, the product obtained by the method is 
20 pre-eminently suited for applications in micromachining, 
with the result that miniaturization of products in, for 
example, the above-mentioned fields of application is in 
the offing. The reduction in cost that can be realized 
thanks to the invention, may motivate a series of new 
25 products which, because of the low cost, could also be 
single-use products. 

The invention will now be explained in more detail 
with reference to the drawings, which 

in Figs. 1 and 2 show the product according to the 
30 invention in two alternative embodiments; and 

in Fig. 3 illustrate a method for the manufacture 
of a product according to the invention. 

In Figs. 1, 2 and 3 reference number 1 indicates a 
substrate of p-type semiconductor material, for example p- 
35 type silicon. However, it is also possible to use other 
porous electrochemical etching material for this purpose. 
This p-type silicon is coated with mask material 2 . Into 
the mask material 2 a hole is made locally to allow etch- 
ing of the substrate 1. In a manner that is known, the 
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substrate 1 is for this purpose provided with a potential 
difference by applying a positive voltage to the side of 
the substrate 1 that faces away from the mask material 2. 
The negative potential is applied to the side of the mask 
5 material 2. As mask material 2 it is possible to use, for 
example, n-type silicon or silicon nitride. During the 
etching operation the current density through the 
substrate is set such as to alternate between a high value 
whereby the semiconductor material is etched away com- 
10 pletely, and a low value whereby the semiconductor 

material is etched such as to become porous. When com- 
mencing the process for completely etching away that is to 
say when a high value of current density is being applied, 
the structure shown in Fig. 1 will ensue. Under the mask 
15 material, this structure is provided with a channel 4 

which is partly defined by an arched structure 5 of porous 
semiconductor material. Due to alternation of said current 
densities the channels 6 and 7 are realized, which are 
still separated from one another by a further arched 
20 structure 8 of porous semiconductor material. 

The low value and the high value of the current 
density are determined in relation to a critical current 
density such that the high value of the current density 
lies above the critical value of current density, and the 
25 low value lies below the critical value of current den- 
sity. The critical current density value is set at approx- 
imately half the height of the first peak in the current 
density curve of the substrate when the same is placed 
into the electrolytic solution. Said critical current den- 
30 sity value is then preferably determined subject to the 
concentration of the electrolytic solution such that at a 
higher concentration of the electrolyte, the critical cur- 
rent density value will also be chosen to be higher. In 
the porous -etching step, where the current density is set 
35 at a low value, it is possible to influence the pore size 
by a suitable selection of the low value of current den- 
sity. This is done such that for a large pore the low cur- 
rent density value is adjusted to a high setting. 
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Fig. 2 shows the product to be obtained according 
to the invention when the procedure commences in step c 
with the application of a low current density value. In 
this way, first a portion of porous semiconductor material 
5 9 is formed. Subsequent etching at high current density 
will form a channel 10 deeper down, which in turn may be 
defined by an arched structure 11 of porous semiconductor 
material that was formed by etching at a low current den- 
sity following the preceding complete etching performed to 

10 form channel 10. Finally, the porous etching step may be 
succeeded by another complete -etching step during which 
channel 12 is formed. The said arched structures are 
attached to the mask material 2. Suitable selection of the 
application periods of low and high current densities res- 

15 pectively, allows the dimensions of the channels and the 
arched structures of porous semiconductor material defin- 
ing said channels, to be adjusted. It should be noted that 
the porous silicon of the arched structures may optionally 
be provided with a coating, or be converted into silicon 

20 oxide, silicon nitride, silicon carbide, or metal 

silicides in manners that are known to the person skilled 
in the art, and which require no further explanation. By 
suitably selecting the process conditions under which 
porous etching takes place, the pore sizes in the porous 

25 silicon may be adjusted to a diameter of a few nanometres 
to several hundred of nanometre. 

Example 1 

A wafer of semiconductor material for etching or 
30 porous etching respectively, is introduced into an elec- 
trolyte of hydrogen fluoride. The strength of the porous 
structures depends, among other things, on the degree of 
doping of the silicon substrate. A suitable doping value 
for the silicon is, for example, approximately 10 19 
35 atoms/cm 3 (specific resistance 0.01 - 0.018 Qcm) . The cri- 
tical current density value i crit is then determined at 
approximately half the height of the first peak in the 
current voltage curve of the substrate after its introduc- 
tion into the electrolyte. If the above-mentioned hydrogen 
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fluoride is used as the electrolyte, the resulting values 
are as shown in the table below. 



[HF] (%) 


i crit (mA/cm 2 ) 


10 


75 


5 


22 


1 


3 



10 

Example 2 

Fig. 3 schematically shows how a substrate can be 
provided with a smooth structure of porous semiconductor 
material. A slice of silicon 1 is first provided with a 

15 groove structure 13 (Fig. 3a); in the present example it 
is a groove extending all round so that it defines a 
substrate column. The groove structure 13 is shaped as a 
square. The groove is 5 fim wide and 60 /xm deep. By means 
of LDCVD, the silicon substrate is then coated with a lay- 

20 er of silicon nitride 14, thereby filling the groove 

structure 13 with silicon nitride (Fig. 3b) . Subsequently, 
using the RIE process which is well-known in the field, an 
opening 3 is etched into the silicon nitride layer 14 . 
Then silicon is removed at high current density (Fig. 3d) , 

25 and porous silicon is formed at low current density (Fig. 
3e) . The result, after the subsequent removal of silicon 
by using a high current density, is a smooth structure 5 
formed of porous silicon (Fig. 3f) . 

To the person skilled in the art it will be obvious 

30 that a variety of embodiments are possible using this 

method, which are all deemed to be within the scope of the 
invention. The current density may, for instance, be grad- 
ually increased or decreased during the formation of the 
porous structure 5. This results in an asymmetrical pore 

35 distribution over the porous structure 5. By means of, for 
example, a vacuum, the space 15 under the structure 5 can 
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be filled with a liquid comprising, for example, a protein 
or a drug. Furthermore, in the space 15 the substrate 1 
may be provided with an electrode, and on the external 
surface, for example, around the porous structure 5, with 
a counter electrode. By applying a voltage to the two 
electrodes, controlled release of the protein or the drug 
may be effectuated. 
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CLAIMS 

1. A method of electrochemically etching a p-type 
semiconductor material, characterized by the following 
steps : 

a) the application of mask material on a substrate 
5 of the p-type semiconductor material; 

b) the local removal of the mask material; and 

c) placing the substrate with the mask into a cor- 
rosive electrolytic solution while simultaneously applying 
a current density through the substrate; 

10 wherein the current density during step c is 

adjusted alternatingly to a high value causing the semi- 
conductor material to be completely etched away, and a low 
value corroding the semiconductor material such as to 
become porous. 

15 2. A method according to claim 1, characterized in 

that the high current density value is above a critical 
current density value, and the low value is below the 
critical current density value, wherein the critical cur- 
rent density value is determined at approximately half the 

20 height of the first peak in the current voltage curve of 
the substrate when the same is placed in the electrolytic 
solution. 

3. A method according to claim 2, characterized in 
that the critical current density value depends on the 

25 concentration in the electrolytic solution, such that at a 
higher concentration a higher critical current density 
value is chosen. 

4. A method according to one of the claims 1-3, 
characterized in that the current density is first set at 

30 the low value and after a predetermined first period of 
time is set at the high value which is maintained for a 
predetermined period of time, after which etching is dis- 
continued. 

5. A method according to one of the claims 1-3, 

35 characterized in that the current density is first set at 
the high value, and after a predetermined first period of 
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time it is set at a low value which is maintained for a 
predetermined second period of time, after which the cur- 
rent density is set at the high value and after a prede- 
termined third period of time, etching is discontinued. 
5 6. A method according to one of the claims 1-5, 

characterized in that the low current density is set to a 
value that depends on the desired pore size, such that for 
a large pore, the low current density value is adjusted to 
a high setting. 
10 7. A method according to claim 1 and one of the 

claims 5 or 6, characterized in that preceding step a) 

i) a groove structure is made into the substrate; 

ii) the groove structure is filled with a material 
which under the conditions described in step c) is sub- 

15 stantially unaffected and which, in comparison with the 

substrate material, conducts current poorly or not at all. 

8. A substrate of at least partly porous semicon- 
ductor material coated with mask material, characterized 
in that on the substrate side, the mask material has at 

20 least a structure of porous semiconductor material defin- 
ing a channel that is free of semiconductor material . 

9. A substrate with at least partly porous semicon- 
ductor material, characterized in that the substrate has 
at least one structure of porous semiconductor material 

25 comprising two substantially planar-parallel surfaces and 
which over its circumference is defined by and connected 
with a wall formed from wall material whose composition 
differs from that of the porous semiconductor material, 
with the planar-parallel surfaces being over at least a 

30 portion of their surface free from substrate and from the 
wall material. 
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